In the mid 1980s, undergraduates entering Louisiana State University from rural backgrounds seeking to enter agricultural-related industries were replaced by students from urban settings seeking careers in biological, environmental and medical professions. In response to this, LSU developed an engineering curriculum explicitly integrating the biological sciences. This Biological Engineering curriculum is uniquely applied to develop engineering solutions to problems that affect plants, animals and the natural environment. It is a unitary program without any specialties. The students complete a 107 semester hours core curriculum plus 9 hours of design electives, 18 hours of general education electives, and 3 hours of free elective. The enrollment increased from 2 students in 1988 to 160 in 2003. The annual number of graduates increased from 0 in 1989 to 33 in 2003 with 188 total graduates as of 2004. Twenty-nine per cent of the graduates attended graduate school, 22% have gone to work in environmental consulting, 12% in manufacturing, and 10% have gone to medical school. This program has been very successful and provides needed biological engineers for the Louisiana and regional economy.
INTRODUCTION
NATIONALLY, change has taken place to increase and emphasize formal training in biology within engineering curricula. These changes have resulted in the fundamental redefinition of coursework and the development of an integrated curriculum in Biological Engineering. Undergraduates entering Louisiana State University from rural backgrounds seeking to enter agriculture-related industries were replaced largely by students from urban settings seeking careers in biological, environmental, and medical professions. Many undergraduates have the explicit goal of furthering their education with graduate or professional training in specialized fields of engineering, medicine, and science. All students entering Biological Engineering expect an engineering curriculum explicitly integrating the biological sciences.
The objective of this paper is to describe the contemporary vision of Biological Engineering at Louisiana State University. In so doing, a definition of biological engineering, an explanation of the scope of the curriculum, and a discussion of the skill competencies of graduates were developed.
DEFINITION OF BIOLOGICAL ENGINEERING
Biological Engineering is a science-based engineering discipline integrating conventional engineering topics, engineering design, and applied biological sciences within a single curriculum. Biological Engineering applies basic, applied, and engineering sciences to the solution of problems involving biological organisms and their environments. Biological engineering involves:
. the characterization, measurement, and representation of systemic processes within an organism or patterns of relationships between organisms and their environments; . engineering design to develop processes and systems that influence, control, or utilize biological materials and organisms for the benefit of society.
SCOPE AND AIM OF THE BIOLOGICAL ENGINEERING CURRICULUM
Biological Engineering embraces an undergraduate education:
. based on a knowledge of the basic sciences of mathematics, physics, chemistry, and biology; . augmented with an understanding of the applied biological sciences, namely organic chemistry, biochemistry, and microbiology; . integrated with training in the engineering sciences of statics, dynamics, strength of materials, fluid mechanics, and thermodynamics, as well as engineering economics and basic electrical principles; . uniquely applied to developing engineering solutions to problems that affect plants, animals, and the natural environment.
The undergraduate curriculum in Biological Engineering meets ABET accreditation requirements and all University general education requirements. Basic and applied science courses were chosen from existing courses within the University. Additionally, engineering science topics were selected from offerings within the College of Engineering. Significant biological content was integrated into core departmental courses in such a way as to assist students in the application of principles from basic science, applied biology, and engineering in the solution of problems in biological and natural resource-based industries. Examples relating to biological science that incorporate engineering analysis were included in the content of core curriculum courses.
SKILL COMPETENCIES OF BIOLOGICAL ENGINEERING GRADUATES
A science-based education in Biological Engineering is oriented towards developing inductive and deductive skills of reasoning. In addition, students require training in skills that relate the intuition and engineering art required of the engineering practitioner. Intuitive skills relating to magnitude, implementation, practicality, and appropriateness of engineering designs and design calculations are part of the undergraduate experience. Such an applications background stems from well-designed laboratory exercises, student-work experience opportunities, and industry internship positions. Eight of the core biological engineering courses have a 3-hour lab. Furthermore, a capstone design experience is part of the undergraduate experience.
STRATEGIES FOR PROGRAM IMPLEMENTATION
A new series of core Biological Engineering courses were developed or revised from existing courses to achieve congruence with the stated scope and goal of the program. Additionally, required facilities development and equipment purchase for implementation of meaningful laboratory experiences was pursued. Table 1 shows the Louisiana State University's Biological Engineering curriculum [1] . This curriculum contains 131 semester hours. It is an unitary program without any specialties. All students take a core curriculum of the same courses except for electives. Table 2 shows the curriculum components. The students complete 30 hours of biological engineering, 15 hours of biology, 11 hours of chemistry, 9 hours of English, 18 hours of engineering science, 12 hours of mathematics and 6 hours of physics. The curriculum also includes 9 hours of design electives, 18 hours of humanities electives and 3 hours of free elective. The design electives are where the student may specialize and take courses to assist in getting a job or graduate school entrance requirements. The design electives are shown in Table 3 .
CURRICULUM
At the start, all new students are enrolled in BE 1250 Introduction to Engineering Methods. This course teaches computer aided drafting. During the last half of the course, the students are introduced to engineering design. They design, build, and demonstrate an engineering device. The students also are informed about biological engineering and are aided in the transformation from high school to college student. There is a biological engineering course every semester. This allows the department to stay in touch with and assist students. All of the faculty advise students and students must be advised before they can register for courses. The courses build on each other and students are encouraged to stay on track. A student starting in the first calculus course and staying on track will graduate in 4 years. The seniors take a two semester senior design sequence. The seniors are formed into teams and design, build and test an object or process. Ideas are given to us from industry and other university faculty. The curriculum is à Communicating Across the Curriculum' program. Students take a communicating intensive course each semester. The students in the senior design sequence complete written and oral presentations.
A large number of students use this program to qualify for medical school. All of the requirements for medical school except the second organic chemistry course and the organic chemistry lab are included in the curriculum. Another large group of students use this program to qualify for biomedical engineering graduate school.
ACCOMPLISHMENTS
This program was put in place in the spring of 1987. The enrollment has increased from 2 students in the fall of 1988 to 160 students in the fall of 2003 (Fig. 1) . The annual number of BS graduates has increased from 0 in 1989 to 33 in 2003 (Fig. 2) . A total of 188 students have graduated from this program as of 2004. Twenty-nine per cent of the students attended graduate school, 22% have went to work in environmental consulting, 12% in manufacturing, and 10% have gone to medical school (Table 4) . Table 5 provides the course descriptions.
When the program was started in 1987, the title was Biological and Agricultural Engineering. By 1991 this name was not popular with the students or with the companies that hired our students. The urban students did not want anything to do with agriculture. The companies considered the name to long. They wanted a short distinct name. In 1992, the name of the program was changed to Biological Engineering. This change made everyone happy. Both students and companies liked the name.
SUMMARY
In the mid 1980s, undergraduates entering Louisiana State University from rural backgrounds seeking to enter agricultural-related industries were replaced by students from urban settings seeking careers in biological, environmental, and medical professions. In response to this, LSU developed an engineering curriculum explicitly integrating the biological sciences. This Biological Engineering curriculum is uniquely applied to develop engineering solutions to problems that affect plants, animals, and the natural environment. The enrollment increased from 2 students 
